Discovery of the Higgs boson in any decay channel depends on the existence of event variables or cuts with sensitivity to the presence of the Higgs. We demonstrate the non-optimality of the kinematic variables which are currently expected to play the largest role in the discovery (or exclusion) of the Higgs at the LHC in the τ τ channel. Any LHC collaboration looking for opportunities to gain advantages over its rivals should, perhaps, consider the alternative strategy we propose.
Introduction
There is much to be gained from constructing event variables which place maximal lower-bounds on well defined quantities of interest. Such variables can be used to select events containing new-physics when the scale of the property which is being "bounded" is higher in the signal than in the most important backgrounds. One may construct the single variable that bounds an arbitrary scale by considering that scale (often a mass) to be a function of all the unknowns in the event (often components of invisible particle momenta). Having done this, the minimal value of this scale over all possible values of those unknowns, subject to any constraints that need to be asserted to enforce consistency, is the bound in question. 1 The transverse mass is an example of such a maximal lower-bound variable: when applied to a W → lν event in a hadron collider it returns the largest possible lower-bound on the W -mass that may be derived from that event (given access to the lepton four-momentum and the missing transverse two-momentum only) assuming that there were no confounding sources of missing transverse momentum.
The main background to searches for h → τ τ is Z → τ τ , so following the general procedure described above, one would expect that the best way to separate the signal from this irreducible background is to construct the variable which provides the maximal lower bound for the "parent" mass (i.e. m H or m Z in signal and background respectively) given the observed visible decay products of the taus together with the net missing transverse momentum. In a "perfect" detector, such a variable (we will call it m 
where
is the four momentum sum of the measured visible P and hypothesised invisible Q µ 1,2 momenta of the daugh- 2 The notation used in this letter follows that of [3] exactly -see in particular Tables I, II , VI and VII therein for reference. In the specific context of the decay h → τ 1 τ 2 we denote the measured four momentum of the visible decay products of the harder and softer tau by P µ 1 and P µ 2 respectively. Each tau has decay products (one or more neutrinos) which are unobservable. We cannot measure the momenta of these decay products, but we denote hypothesised values for them as Q ters of the two taus, and where Q µ 1 and Q µ 2 are subject to constraints ℵ comprising: four internal mass constraints
and one constraint on the missing transverse momentum two-vector
Finally we note that it may be shown that there exists at least one pair of momenta Q µ 1 and Q µ 2 satisfying all the constraints if and only if
where M T2 is the stransverse mass [7] [8] [9] . Accordingly, it is necessary to impose a pre-selection (8) 
Simulations
To compare the performance of m Higgs−bound τ τ against other mass-scale variables, we simulate both the signal process h → τ τ and the dominant background Z 0 → τ τ using the HERWIG 6.505 [13, 14] Monte Carlo generator, with LHC beam conditions ( √ s = 7 TeV). The generated tau leptons can decay either leptonically (e.g.
is exactly the same as the older "cluster transverse mass" of [2, 10] which was proposed for the same purpose. It is regrettable that a new notation for an existing quantity was introduced in [1] , whose authors were sadly not aware of [2, 10] at time of publication. Without prejudice to earlier work, we nonetheless retain the m True T notation to keep a consistent notation with the papers to which this work is most closely tied: [1, 11] . 4 Note that one can define a variable that applies only one internal W -mass constraint. Such a variable may be better than m True T at measuring m h when m h < 2m W , however it is unlikely to be better for Higgs discovery since there is no resonant background of the form Z → W W → lνlν that needs to be suppressed. For an example of a variable that is not constructed as a massbound variable in the context of the h → W W → lνlν channel, see m maos H defined in [12] .
where X consists of hadrons or their subsequent decay products). The momenta of the visible daughters from the tau lepton decays -electrons, muons, hadrons and photons -ought to be well-measured by the LHC experiments. By contrast the contribution of the neutrinos to / p T must be inferred from the negative sum of the momenta of all observed particles and so can vary considerably from its ideal value. In our simulations the missing transverse momentum is reconstructed as
where the first sum runs over all reconstructed jets, and the second runs over any stable particles within fiducial pseudorapidity (|η| < 5) and momentum (p T > 0.5 GeV) that are not clustered into jets.
The jets used to calculate / p T are reconstructed using the fastjet [15] implementation of the anti-k T algorithm [16] , using the E combination scheme, with distance parameter R = 0.6 and minimum jet p T of 15 GeV. Their energies are smeared by a Gaussian probability density function of width
where E j is the unsmeared jet energy. This resolution is typical of one of the general-purpose LHC detectors [17, 18] .
In this illustrative example, all combinations of hadronic and leptonic tau decays are treated on the same footing. We select events that contain two taus with pseudorapidity satisfying |η| < 2.5, the typical angular acceptance of the tracking detector. We require that the visible decay products (whether electrons, muons or taujets) have p T > 20 GeV, and that / p T > 20 GeV.
As noted earlier, when plotting m
Higgs−bound τ τ we additionally require (8) to ensure the existence of a minimisation domain in (1) . We note that in the narrow-width limit, well-measured tau pair events should satisfy (8) by construction. Therefore m Higgs−bound τ τ is guarenteed to exist in the idealized case. Detector resolution effects can be expected to lead to some events failing to satisfy (8) . In our simulations, the consistency requirement (8) rejects about 30% of the remaining events from both the signal and the Z 0 → τ τ background sample. Example distributions for m Higgs−bound τ τ (and for a number of other existing kinematical variables, described later) can be found at Monte Carlo truth level in Figure 1 and after basic detector simulation in Figure 2 . We recall that a perfect, hermetic, detector would guarentee that m 
is a massless four-vector constructed from the missing transverse momentum. This variable has been used as a discriminant for fully leptonic (e ± , µ ∓ ) tau events. In our simulations it generates broad distributions with rather poor separation between signal and background. is the result obtained if one simply discards the ∼30% of events that fail to satisfy (8) . and hence for which m Higgs−bound τ τ
